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A.  PURPOSE  i 

1.  To  present  prellniriory  filings  or.  V  e  develop*  tent  oi  pulso- 
jot  ground  heaters  prcducinc  contani:  ated  ;u*.  uncontaHLnaled  heated  air. 

B.  FACTUAL  DATA) 


iyt)4 


i.  The  locally  fabricated  uxp«rir^:»Uil  pulse-^et  abater  act 
delivering  contaminated  air node  the  'x.bject  oi  continiud  stadia 
and  testing.  Sxperieooec  gained  in  starting  a.jd  runnu*g  tn#  mlt  urtlr 
varying  conditions  ;ulded  i.v*  developvcnt  outlined  ci  thiu  r«vDrt. 


y.  Starting  tents  under  uxtrtio  cold  author  conditions  as 
roclired  in  t  no  local  ^Vxjiuterium  and  thi  01  i v-v  .c  Hangar,  Hold 

revealed  an  oxcor  . 't  con3un;>t  ion  of  conyrnjau  nir  t;  t:*e  t*re*.eator 
irifltallod  at  t  4  ’  o.  TJaay  further  showed  V*c  cx:iproj*cd  air  aetho* 

of  starting  the  nus^jet  burner  to  be  inconvenient  under  uadi  crvrKulx.om. 


U*  &  »itnt  nxiheater*  aval  starting  systo;  was  devnlo,**  J  >.  .  >  ii.- 
(•orporatod  in  and  tooted  Jit’n  ti*  experimental  It  a  ter  onit.  In  ulidnat** 
completely  tha  need  x'or  eocvpressed  air.  Liam: linn  gas  wx.er  prtsc  ire  iu 
created  in  a  sealed  kettle  by  applying  iwat,  and  a  jet  of  thi s  g*r 
taixia  its  own  coaoueti on  air  cjp-’ly  by  neant  oi  un  acpirator  delivering 
a  good  torch  fiane  Tor  rrehtati r*,  a>,d  for  i.nfting  the  utart  charge  >f 
UiO  poL,e  burner.  Ti  initial  clnarc^  jf  t  .e  puls©  burner  is  provided  > 
tne  cam  viiy  h:  Vi?  eoahustlblo  ;du.tnre  f<ir  Wq  t^rch  fla-e  by  deliv*ri* g 
a  gas  Jet  into  a  s  ocial  air  nixture  tin  ativuried  to  the  .;ec'  ui  v* .  corw 
bustiou  ona.r'?r  f  t);e  pul*^  jot.  iietails  of  this  devel  rr^ent  Are  yre- 
sented  herein  at  Appendix  T  ;o  rap  Z  in*  startor  assenbi/  n»H  Lx  n/ 
useu  io  untli  .ea  in  Figure  OA.  Tnc  was  built  into  vv  *  ;;perlM  ntal 

iieator  out  aul  iroved  satielactcxy  j.n  t)*  FT^gidt^riun  *a  d  :ar‘n;  tci  tn 

at  LavIcI  Flo  Id,  aLauxa,  dwcc*iutinj  r  1  nor  1  -orf^Viir.r  _ -r  i.t  -v  „ »  a 

ct  .11  experinun  .oi 
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5.  Sunning  teste  made  under  normal  ambient  oondltlone  shop 
that  the  ljpater  fulfills  t he  requirement  for  an  outlet  temperature  not 
higher  than  2oO°F  when  a  standard  12"  duct  is  used,  within  an  ambient 
temperature  range  fran  nlaue  65*F  to  plus  20*F.  Total  press  ire  de¬ 
livered  at  minus  65°*'  ae blent  and  2CCCF  outlet  temperature  le  .9  incliee 
i/.G.  A  performance  chart  is  presented  in  Appendix  S  ae  Figure  IB. 

6.  To  widen  tiro  design  basis,  the  influence  of  geometrical 
nodificati one  of  the  mlee-Jet  burner  was  ct'tdied  in  continued 
raeasureiiontn  of  perf  onancc  values  juoh  os,  fuel  consumption,  Uirutt, 
tw>i  pressure,  frequency  and  their  relationship.  Thus  for  instance, 

the  thrust  of  a  unit  varies  proportional  to  the  third  power  j:  fuul 

consumption.  This  is  Buomi  in  Figure  3B  of  Appendix  3,  ae  the  rueult 
of  numerous  measurements. 

7.  Ac  aspirating  of  ambient  air  contains  a  major  problem  in 
the  use  of  tiro  contaminated  air  pulse-jet  tea tor,  theoretical  treatment 
woe  gi iron  to  it.  being  experimental  findings  and  tiro  phyrice  of  the 
process,  a  0 recalculation  of  the  performance  of  an  aspirator  when  driven 
ty  a  pule*- jot  wee  oumpleted*  Results  of  tiro  e  valu:  tion  of  tiro  method 
for  the  experimental  heater  under  consideration  are  presented  in  Figure 
6B  of  Appendix  0  shoeing  rete  of  air  flow,  total  and  static  pressure  ss 
a  function  of  toe  temperature  rise, 

C.  A  noticeable  reduction  of  tiro  noiao  lqvel  was  f>  .uid  possible 
by  adding  a  suitably  dimensioned  air  inlet  duct  to  the  cabinet  without 
sacrificing  too  much  of  the  available  pressure.  Tills  lulot  duct  is  not 
included  in  the  experimental  unit  for  reasons  of  aavii^  sjvioe  but  will  be 
a  feature  of  later  unite. 

9.  Lifetime  of  tiro  valves  wuilft  in  use  woe  unsatisfactory  and 
in  the  order  of  15  to  jO  minutes  oainly  duo  to  tie  increased  load  present 
in  the  nodifled  I  water  unit,  studies  wore  oenducted  mulch  res  J-tod  is  3 
modified  design  capable  of  withstanding  shrilar  load  condition  for 

12  hours  without  signs  of  da tsrioration.  do  far,  plates  of  t  ie  desist 
of  a  siso  fi'xTf ioiont  to  be  used  in  tiro  actual  heater  are  not  av*  1-ble  due 
to  supply  aril  Fabricating  difficulties.  For  nore  detailed  information, 
rofei'ence  is  usds  to  Appendix  C  of  tl  J.8  report. 

10.  Utilising  oil  findings,  fcchibit  JCiidl^XA,  Heater* 

Engine  0 round,  For  table  Oesoline  Burning.  False  Jet  Driven,  Contaminated 
Air,  1*00,000  UTU/Hr,  Type  fc-1,  dated  17  January  l  jly,  was  prepersd. 
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11.  3autd  an  the  suggestion  of  *  pxlse-Jet  burner  rotating 
under  the  impact  of  its  o..n  exhaust  jot  aa  set  forth  in  InT*ntioo 
Biaclooure  Ms.  %  "Hfeating  Devices  K specially  Adaptable  to  Preheating 
Aviation  and  Autoaotive  Sn^inerf1  and  sketches  in  Figure  ID  of  Appendix  D, 
action  wu  initiated  on  approximately  1  January  1>1*>,  to  oolleot  bacio 
design  data  far  a  design  utilising  such  a  burner  as  a  blower  and  heat 
source  for  URContawinated  air  nesting  system. 

12.  Qaloulationa  Itave  been  conducted  to  determine  xialn 

dinenaio  -.0  and  efficiently  to  be  expucted  of  a  unit  rated  at  approUw- 
r^tal/  DT’j/Hr.  in  the  fom  of  unoon laminated  heated  air  wit). 

no  :  ore  t.an  2..Q°F  outlet  temperature.  It  nay  he  expeoted  to  transfer 
/0  per  cent  of  the-  fuel  iieat  iuto  the  unc  .'nUirAnatcd  air  and  forward 
_t  unbox  a  octal  V»ro.oura  of  froc  3  to  U  itichoa  eater  colusn. 

ly,  Tociyr.  studies  .are  conducted  to  realise  tlie  Idea  of  a 
rotutiu;;  puluv- .}.  t  burner  comprising  aixpulirtnaously  a  blower  and  partial 
!.•  at  c:;cl»anger  1  or  the  unccn  saninat*.d  air.  Figure  2D,  Appendix  L  shows 
n  j'cctc!.  3 .  the  solution  taicen  into  consideration.  In  tills  unit,  sir  is 
compressed  and  heated  by  a  blower  farruig  one  side  of  t.ic  splruleu  tux.ee 
ol'  uhe  pulr.o-jrt  corner.  Tuc;  a-r  tiien  is  xed  through  a  stationary  lie  at 
exfl’rfinjer  to  utilize  t’»  heat  still  contained  in  the  exhaust  ^yss  0/  the 
turner.  After  oauainj  tide  I. sat  exchanger,  the  air  blvee  off  part  of 
its  energy  in  the  turbine  fowd  h /  t'.-o  other  ride  of  the  burner  tube* 
and  thoraby  again  utilise#  tl*  licat  creatod  by  tire  burner. 

ll*.  The  rather  coroplicated  »  .ot>  of  the  burner  design  la  cur¬ 
rently  approached  step  by  step  in  stand  still  sodels  which  alio*'  for 
easy  testing  of  their  performance.  Thrust  and  fuel  consumption  ol>» 
tainsd  sn  far  .ii.tr.  proposed  d ’-Tensions  of  tf.t.  design  keep  in  line  with 
urcculcii  uti  jne.  Further  details  of  tin*  development,  nay  be  found  in 
Appurxlix  D. 

Ip.  A  valve  aseo.  bly  lun>  beea  JusigneU  <uid  tested  wiilch  will 
lx.  capable  oi  rutatin,,  ext!,  the  burner  ait  out  detrimental  uf.ect  of 
co.  trif-.al  forces.  Ao  xy  be  ret  1  froi.  Fi  ure  i|D  of  Appendix  D,  it 
;.&h.  •„  use  «.■  ;  riuc  a.*apod  valve  todies  nrrung  d  1st  c oncer-trio  ri:q;.»  made 
out  of  .oiu  roils  .  noor.l  .->)/*  trie!.. 

C.  C*  hadbuxClaD  1 

lu.  JwiVicicnt  date  nave  loan  accxiulnted  on  thn  contaminated 
a*r  pul-0  j  >t  ; -ntcr  u;v>u  -.tile.,  to  Lar.c.  srooui  orient  of  a  quantity  of 
srrvi.ee  tort  Itcix. 
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17.  Data  obtained  from  studies  on  pule#  kt  heater  for 
unaontarainated  elr  a  how  tliat  such  a  unit  is  feasible  but  la  net 
sufficient  for  a  complete  design. 


0.  HjBgggngwgBs 

IS.  It  la  recosnended  that  the  follow  lag  action  ba  taken  by 
the  organisation  designated  below  1 


a.  Haintenanoe  Sgulpiaent  Unit. 
BQuitxoat  laboratory. 


ar»gissn'.jEgCTK!: 


Oround  lauipoent  aranah. 


(1)  Initiate  procurement  of  a  service  test  quantity 
of  pulse- Jit  ground  heaters  for  contarJLnated  air, 
to  study  the  feasibility  of  using  contaminated 
air  far  preheating  aircraft  anginas,  (action  Initiated). 


(u)  Continue  studies  for  the  development  uf  pulse  Jet 
ground  heaters  delivering  unoontaminated  air. 
(Aotion  Initiated). 
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AJPCMDiX  *  A  * 

DEWJoemn  of  a  prkhe ati:»  aw  start  mo  sistyt 

1.  Preheating  Torch  Operating  without  Coopressed  Air 

2.  figure  1A  •  Original  iTe.'.oater  Staten 

3.  Fi  jure  2 A  -  First  Torch  Model  for  Preheating 
4>  Figure  3A  -  Horizontal  Torch  Modal 

5.  Davalopasnt  of  a  new  'larting  6/stao  operating  without 

Coapraasad  Air 

6.  figure  I4A  -  Sxtemal  Qaa  Start  Aeaaably 

7.  figure  5*A  and  5bA  -  Start  Mixing  Tube  trrangeaents 

ii.  figure  6A  -  Internal  Qaa  start  Aaeeahly  with  Choke  Valve 
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rnmjomxr  of  a  hhh  prswutiro  akd  wartdo  ststsm 

Preheating  Torch  Operating  without  Coeppeased 
Air 

Tha  preheater  Intended  to  be  used  in  the  ooblast  heater  set  is  outlined 
in  Figure  1A*  A  poipus  stone  or  metal  nody  is  soaked  with  X>iel  and  air  from 
an  air  container  la  pumped  through  the  pores  thereby  evaporating  part  of  the 
fuel.  The  rich  mixture  enters  the  flame  duot  and  burns  as  a  torch  fleas  at 
tha  open  end  where  it  mingles  with  ambient  air .  Due  to  the  neoesaary  Sice  of 
this  preheater,  it  0 unturned  more  air  as  could  oomrenlently  be  furnished  by 
hand  punping.  The  arrangement  therefore  was  to  replace  by  one  using  a  sealed 
fuel  container  pressurised  by  the  heat  of  a  primer  flans.  Blow  torch  operation 
was  than  to  maintain  by  the  ;:aa  .let  coming  from  a  nossle  on  the  container. 

The  first  torch  model  used  and  tested  in  tha  r.glin  Field  Cold  Hangar  is 
sketched  In  Figure  2A.  It  consists  of  a  pressure  tight  vapor  kettle,  a  bowl 
containing  e  wick  used  as  toe  primary  heat  source  to  warm  toe  contents  of 
the  kettle  and  a  fuel  noxzle ,  which  delivers  a  Jet  of  hot  gasoline  gas  Into 
an  air  aspirator.  The  system  was  satisfactory  In  operation,  as  long  as  haat 
aaa  supplied  by  toe  primer.  But  h^at  inducod  Into  the  kettle  from  the  torch 
wail  too  little  to  keep  toe  torch  running.  In  the  next  development  step, 
tola  wac  overcome  by  building  the  fuel  container  around  the  aspirator  of 
too  torch.  A sufficient  and  regulated  amount  of  heat  could  now  bo  provided 
to  evaporate  the  fuel  continuously.  Several  codifications  of  this  arrange¬ 
ment  were  tasted,  a  first  oru  being  completed  as  early  at  Kay  ly^d-  1  uadi- 
fication  with  horizontal  torch  aspirator  it-  sbo*«  in  Figure  3A.  A  chimney 
inclosing  too  fuel  ccttls  is  n-idsd  to  aec-tre  nore  coraplote  combustion  in 
the  primer  bowl.  The  further  development  £  t:  e  pireneatcr  lamp  iu  closely 
related  with  the  development  of  the  net  atarting  aystea  und  will  La,  >ur— 
oeotible  fr >n  the  next  section. 
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aitlitdix  "a" 

DEVLLOfMEHT  OF  A  NEW  START  1113  bYTTKM  OP^RaTINO  YflTHOOT 

COMPRISED  AIR 

1.  Thus  far  pulse- jet  engines  were  started  by  blowing  in  a  stream  of 
compressed  air  for  a  few  seoonds.  Fuel  was  either  atomised  by  this  stream 
and  xaixod  in  the  right  amount  or  injected  under  pressure  from  separate  fuel 
noezles.  The  method  is  satisfactory  as  long  as  an  ample  supply  of  oomprossod 
air  may  bo  maintained,  which  is  hard  to  do  for  the  set  under  consideration. 

A  now  method  now  developed  makes  use  of  the  torch  principle  of  supplying  oon*~ 
bustion  air  in  an  aspirator  operated  by  a  jet  of  pressurised  gas,  for  provid¬ 
ing  the  start  mixture  of  the  pulse-jet.  A  ,;u  generator  (whioh  may  be  the  same 
as  for  the  preheator  torch)  delivers  a  (hot)  gas  jet  into  a  iiixing  tube  of  suit¬ 
able  length  and  diameter  where  it  mingles  with  air  to  form  a  highly  combustible 
mixture.  Tide  then  my  be  lod  into  the  combustion  chamber  by  virtue  of  its 
own  Kinetio  energy,  the  way  chosen  for  the  inlet  thereby  establishing  the  row 
smarting  arrangements  described  below  as  Methods  a,  b  and  0. 

a.  External  Gas  Ctart  Method. 

Ir  this  arrangement,  the  gas  air  mixture  is  simply  led  into  the 
carburetor  funnel  just  below  the  valve  plate  as  is  exemplified  in  Figure  i*A. 

The  sane  gas  generator  is  used  for  starter  and  preheater  torch.  After  the 
combustion  chamber  is  wanned  by  tne  torch  flane  and  a  plowin;  spot  is  main¬ 
tained  for  ignition,  several  shots  of  gasoline  yua  from  the  starter  nor  tie 
will  throw  t}je  set  into  operation.  Figure  i*A  outlines  ut  ch'«  stuie  tine  a 
further  development  of  the  torch,  whioh  is  arjain  of  the  vertical  type.  Tre 
aspirator  flame  duct  is  used  as  a  chimney  for  the  orimer  flaw*  burning  in  the 
wick  bowl  at  the  bottori  of  the  limp.  Air  for  primer  and  torch  is  led  4  hrouy.h 
a  jacket  around  the  fuel  kettle  whioh  serves  both  as  a  windshield  aid  rn  in¬ 
sulator  against  heat  loss.  As  it  is  very  important  for  a  good  start  to  have 
dry  gas,  a  superheating  coll  was  adJ/jd  between  the  generator  and  the  no* ties. 
Several  to nts  were  made  with  tho  system  with  ? ood  results  in  the  cold  chamber. 
Tenpenitures  ranged  fron  minus  1*0°F  to  minus  £$°F  and  from  3  to  S  minutes  were 
necessary/  for  preheating  and  starting  the  heater.  The  one  disadvantage  inherent 
with  the  system  is  that  only  a  small  part  of  tho  start  mixture  really  enters  the 
combustion  ohamher  and  the  remainder  blows  back  through  the  funnel  Into  the  heater 
cabinet.  Except  for  extreme  lew  ambient  temporatures,  danger  of  ignition  of  this 
gas  may  exist  whioh  is  highly  objeotionabls.  Efforts  to  separate  the  path  of  the 
start  mixture  from  the  ambient  space  by  means  of  a  baffle,  which  Is  indioated 
by  dotted  lines  in  Figure  1+A  failed.  Too  many  of  the  valves  had  to  be  reserved 
for  tho  start  path.  Therefore,  method  b  was  dovoloped  whioh  avoids  straining 
of  combustible  mixture  into  the  cabinet. 
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(continued) 

b.  Internal  Gas  Start  Method. 

A  pulse  jet  will  operate  even  if  a  second  open  tube  is  attached 
to  the  neck  of  the  combustion  chamber,  provided  the  ratio  between  length  and  dia¬ 
meter  of  the  tube  is  properly  chosen.  When  gas  was  injected  into  t  a  oren  end 
of  such  a  tube,  as  is  indicated  in  Figure  5A.,  it  caised  the  burner  to  start. 

To  avoid  backfire  from  this  secondary  tube,  it  was  then  closed  by  a  second  valve 
plate  as  is  shown  in  Figure  ^bA.  w>tart  is  still  posoible  and  no  gas  can  reach 
the  cabinet.  This  method  vvas  called  internal  gas  start  metaod.  A  slight  de¬ 
terioration  of  the  running  performance  of  the  burner  was  noticeable  but  it  did 
not  seem  important.  Wnen  testa  with  tno  arrangement  wore  to  be  made  in  tie 
Eglin  Cold  Hangar,  it  failed  to  operate  and  it  was  discovered  that  th*  valves 
of  the  auxiliary  plate  were  xr:>zen  to  their  seat3.  hearrange^umt  of  tu©  system 
to  wane  the  plate  from  tne  preheater  lamp  proved  very  inconvenient  from  tue  de¬ 
sign  standpoint  and  a  new  and  better  method  was  developed  instead.  Tne  new 
method  is  known  as  the  Internal  Gas  Start  Method  with  Choke. 

c.  Internal  Gas  Start  Method  with  Cnoke  Valve. 

Figure  6a  outlines  the  method  finally  chosen  for  use  a l  a  starter 
arrangement.  The  end  of  the  mixing  tube  is  now  provided  with  a  ring  air  valve 
which  opons  w>*en  the  start  control  linkage  is  depressed*.  Fhrtuer  depressing 
the  lever  opens  the  starter  fuel  valve  and  a  gas  Jet  is  injected  into  the 
mixing  tube.  As  soon  as  tim  pulse  burner  3tartm  to  operate,  tho  choke  valve 
opens  and  closes  under  t lie  influence  of  the  alternating  pressure  in  like  manner 
as  the  valves  in  the  main  valve  plate  do.  By  tnis  way,  it  aids  very  much  to  a 
smooth  passage  from  the  starting  cycles  to  normal  running.  This  action  of  the 
choke  valve  continues  until  the  starter  lever  ia  released  wuerety  the  choke 
valve  becomes  permanently  closed  loaving  the  pulse  burner  uninfluenced  by  v*e 
start  system  during  normal  operation. 
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Chart  flguro  IB  show*  the  psrfomenoo  of  the  hotsr  with  attached  2V# 

12"  spiral  dust.  The  tsp  eorre  repamoenta  hMt  output  which  toads  both 
valuta  spoifled  with  the  sxparlasatal  unit  and  the  heats r  exhibit  having  a 
■Pinas  of  U7®»000  BTfl/Br.  Bart  surra  balow  la  tha  teapsrature  rise  (that 
is  posss  temperature  at  duct  end  over  ashlent  toaperatursZ)  vs  eta  tie 
pressure  at  duet  and.  Whan  preheating  an  engine,  this  preesura  la  law  pro¬ 
bably  within  0  to  .1"  W.C.  and  the  heater  than  reaalns  within  the  specified 
■Pi  sum  outlet  toaporature  of  2&0Qf  *25°r  up  to  eablent  tesparaturae  of  <CO°F. 
At  -65°F,  s  static  pressure  at  duet  and  up  to  .7  W.C.  may  be  orerooss  with¬ 
out  exceeding  300*f  outlet  ta^arature.  Total  outlet  poraaeura  in  thla  oaaa 
is  .9  ft.C.  as  najr  be  calculated  fras  the  bottos  curve  which  shoes  the  rnts 
of  air  flow. 
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HEATS*  AND  PULSK-JST  PERFORMANCE 
Outline  of  Measurements  on  the  SO  Qyeles/aea  Pules-Jct  Burner 


Measurements  on  the  poise-burner  were  taken  to  find  hoe  the  pooer  and 
heat  output  is  influenced  by  changes  in  the  geometrical  settg>.  Table  flgwe 
2B  shoes  how  fuel  consumption  and  thrust  depend  on  the  ( gecnetrloal)  area 
of  the  valve  plate.  Cup  valves  in  plates  with  different  nuabere  of  valves 
were  used  with  slight  changes  in  stroke.  Figure  3B  show  thrust  as  a  function 
of  fuel  consumption  averaged  Aron  s' large  nunber  of  aeasurenanta  on  the  2 
inch,  uO  oyclos/eecond  burner.  «fc>st  valuable  feature  of  this  paph  for 
theoretical  consideration  is  tnat  the  function  nay  closely  bo  approximated 
by  one  of  the  third  power,  that  is  P"  C.g3  where  P  naans  thrust  and  g  fuel 
consumption.  Other  neasuremsnts  served  to  clarify  the  influence  of  changes 
in  the  shape  of  the  tube  end.  Special  interest  was  given  to  a  tapered  end 
with  different  expansion  angle.  Table  Figure  UB  shows  increasing  static 
tiirust  up  to  a  half  angle  of  i|°.  Only  a  slight  influence  on  the  fuel  eon- 
sumption  was  noticed  and  the  hi^ier  thrust  therefore  means  a  true  gain  in 
epeoiiic  power  output.  Table  Figure  53  shows  thrust  lose  due  to  winding 
up  of  the  tube  (360fturn)  and  the  additional  loss  due  to  forwarding  Pooling 
air  for  the  burner  tube.  It  is  valuable  for  the  conversion  of  results 
gained  from  a  straight  burner  to  a  Jacketed  built  In  heater  unit. 
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KnuiDB  or  JMixm  with  biohk  u»m  axd 

BKTBt  PKRF0AUII6R 
Outline  of  Tele*  D»v*ls|— it 


Fallowing  the  Gar— n  develop— nt,  the  first  pslsc-Jst  burner*  a  ere 
equipped  with  hemispherical  eel—  cupa  seated  on  countersunk  holes  of  an 
aluminum  plate  and  able  to  neve  freely  between  their  seats  on  the  plate 
and  a  11ml tine  screen*  Dianna ions  of  the  first  oupe  were  1/lf  die— ter, 

1/6 If  thick,  ■  temped  out  of  cold  rolled  steel.  I— n  after  the  output  of 
the  burner  was  raised  tram  250,000  BTU/Hr  to  alaoet  500,000  BTU/ilr  by 
enlarging  the  free  sal—  area,  the—  sups  withstood  all  —  ohanloal  a  tree  ms. 
Howewar,  their  perform nos  in  the  burner  was  nevertheless  unsatisfactory 
causing  excessive  back  pressure  to  the  oarbwetor,  uneven  running  and 
unreliable  starting  of  the  burner*  We  eon  a—  the  reason  far  that  by  eon- 
sidering  that  a  free  waving  valve  should  be  ao— lerated  tram  closed  to  open 
position  and  TV  in  a  very  short  pert  of  ths  whole  cycle*  The  first  valves 
wsre  too  heavy  to  allow  for  a  suitable  opening  and  closing  tine  oven  at 
80  flgmlss/seeond*  Whereas,  a  relatively  long  opening  tlwe  only  shortens  ths 
effective  tlwe  area  of  ths  valve  and  could  be  balanced  to  a  certain  degree 
by  increasing  tie  nebtr  of  valve  eups,  a  long  closing  tl—  is  of  a  more 
adversive  influence.  During  the  closing  tl—  of  the  valve,  a  bade  flow  of 
air  frosi  ths  combustion  ch— her  into  ths  carburetor  funnel  takes  plaoe. 

It  —ans  a  loss  in  poser  output  froa  the  burner  and  it  greatly  decreases 
the  average  available  suction  pressure  in  the  carburetor.  Above  a  ocrtaln 
Unit,  a  stable  auction  presses  beoo—  s  even  Impossible  and  ths  burner  fails 
to  operate*  Iaprovs— nt  of  ths  perfonsan—  by  Uniting  strok*  and  enlarging 
the  masher  of  cups  is  man  involved  then  with  the  opening  of  ths  valves. 

Ons  dannot  asks  ths  stroke  too  snail  without  excessive  inarea—  in  flos  re¬ 
sistance  and  an  unfavorable  change  in  the  ratio  between  affective  valve  area 
and  valve  leakage.  A  considerable  cut  in  the  might  of  the  cup  valve  was  a 
necessary  way  to  iaprovs  perforsan— *  Aluminum  valves  of  sang,  thickne¬ 
ss  ths  original  steel  valves,  st— 1  valves  of  .01"  and  .007*  thick— 
vers  used  and  thoir  msaber  was  increased  from  6b  to  126  and  later  208  to 
limit  the  stroke  to  a  minima.  A  good  running  perforaanoe  of  the  burner  was 
obtained  but  no it ho r  arrangement  withstood  the  — ehanioal  stresses  for  any 
length  of  time.  Breakage  occurred  starting  tram  the  edge  of  the  ovpe  after 
short  periods  of  running  tl—  depending  m  strok*  and  special  load  and 
ranging  tram  5  to  30  minutes.  Ths  kind  of  breakage  see—  only  natural  as 
ths  edge  is  the  weakest  pert  of  ths  valve  ovp.  It  was  concluded  that 
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( continued) 

relieving  the  edge  of  the  Alternating  e trees  should  tyeatly  improve  the 
valve  performance.  A  desi^i  suggestion  realising  this  thought  is  shoe* 
in  Figure  laC.  thereby,  the  eupe  do  no  longv  hit  the  lied  ting  screen  with 
their  edge  but  rather  with  a  larger  part  of  their  Inner  surface.  This  is 
due  to  the  bosses  steaped  into  the  screen  which  have  a  slightly  — 1'1**  radios 
then  the  eups.  the  screen  itself  consists  of  a  piece  of  perforated  sheet 
astal  with  snail  holes  and  about  JO  par  cent  opan  area.  Thus  Xkr,  this  de¬ 
sign  could  not  bo  fully  realised  as  it  ess  lnpos  si  bis  to  get  the  perforated 
sheet  Installed  for  the  screen.  A  askeehlft  arrangement  sheen  in  Figure  lbC 
saa  manufactured  locally  and  tested  utilising  rivet  heads  for  the  bosses  in  a 
regular  drilled  screen  instead  of  s  etaaped  perforated  shea t.  With  the 
stroke  of  the  valve  reduced  to  .Ql£7 ,  this  valve  plate  was  run  for  eleven 
hours  without  any  eigne  of  deterioration.  At  a  frequency  of  SO  cycles  per 
second,  this  neons  a  total  of  3*17  millions  of  changes  in  load  and  one  nay  be 
pretty  sure  from  this  figure  that  the  valve  sill  stand  the  stresses  inde¬ 
finitely.  To  realise  a  sufficient  effective  area  with  .01c*  stroke  calls 
for  increasing  tt»  number  of  vmlves  per  plate  above  126  to  about  200  at  laast 
which  unfortunately  cannot  be  done  with  the  rivet  head  makeshift  arrangement. 
Therefore,  the  experimental  unit  must  be  run  with  a  larger  valve  stroke  and 
consequently  the  possibility  of  valve  breakage  after  about  one  hour  running 
time  oust  be  taken  into  the  barpiin  until  ordinary  plates  are  available. 
Further  teste  were  made  with  a  different  type  of  valve  plat#  designed  to 
give  more  effective  area  for  the  earns  plate  site  with  lees  and  larger  valve 
bodies.  Straight  stripe  out  of  shim  steel  were  used  in  the  arrangement  a if 
Figure  20.  nth  this  plate,  almost  twioe  the  effective  area  would  be  possible 
a s  with  the  oup  valves  retaining  the  same  stroke.  But  so  far,  not  more  than 
1«0  minutes  lifetime  could  be  reached.  Breakage  again  starts  act  the  edges  of 
the  stripe. 
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VALVE  PLATE  DESIGN  WITH  PERFORATED  SHEET  SCREEN 


FIG.  IA,C 


VALVE  PLATE  DESIGN  WITH  RIVET  HEAD  SCREEN 
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STUDIES  FOR  THE  DESIGN  OF  1  PULSE-J3  HEATS  DELIVERING 
UWCGNTAMLNATED  AIR 

Outline  of  studies  on  Preliminary  Burner  Forms 


To  seoure  the  correct  operation  of  the  burner  in  the  heater  design 
of  Figure  2D,  tests  were  made  on  several  standstill  models  approaching 
the  outlines  of  this  deel^  in  steps.  The  first  step  in  testing  mas  a 
burner  arranged  in  a  straight  line  using  but  one  tube,  as  is  shomn  in 
Figure  3D  top  picture.  Volume  of  the  Combustion  chamber,  area  and  length 
of  the  tube  coincide  with  ths  assumed  design  values.  A  valve  plate  with 
ring  shaped  valves  as  pictured  in  Figure  UD  mss  used  to  run  this  burner. 

In  order  to  pt  stable  running  conditions,  a  free  area  in  the  valve  plate 
of  1.3  times  the  tube  area  mas  neees s&ry.  the  fuel  consumption  of  12. U 
lb. /hr  than  obtained  and  the  thrust  of  2.5  IbV  mi  thin  ths  range  of 

assumptions  made  for  the  calculations  of  ths  unoontaidnatsd  air  unit.  Tt*e 
next  step  mas  to  replace  ths  ana  burner  tube  by  tmo  tubes  sith  the  same 
length  and  the  same  total  area,  but  the  burner  failed  to  operate  in  this 
arrangement  shomn  in  ths  next  to  top  picture  of  Figure  3D.  Not  until  the 
tube  areas  and  the  tube  length  mere  enlarged,  approximately  10  per  oont, 
running  mas  obtained  mith  practically  tarns  performance  values  as  in  step  one. 
The  last  stop  tested  up  to  date  is  shorn  in  Figure  3D  bottom  picture,  and 
characterised  by  placing  the  tmo  tubes  rectangular  to  ths  axle  of  tits  c js*- 
bustion  chamber  opposite  to  each  other.  Tmo  different  heights  on  tits 
chamber  mere  tried  for  attaching  ths  tube  and  but  slight  diffsrenoss  in 
per f orman oe  against  step  1  and  2  mere  stated.  All  arrangements  mere  tested 
mith  and  without  funnels  on  the  ends  of  the  tuboa  as  indicated  in  Figure  3D 
in  dotted  lines.  Whereas  running  stability  seamed  to  be  increased  by  use 
of  ths  funnels,  a  dafinite  Increase  in  thrust  mas  net  notioeable.  ' 
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